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Abstract 
This research is primarily designed to examine crop yield variation due to change in weather 
pattern and crop management activities by exploring a comprehensive list of factors (e.g. 
environmental, economic etc.). Given that existing literature indicates significant effects when 
farmland value is regressed on weather variables, a natural question is to ask whether major 
agricultural crop yields responds to change in historical weather pattern. To answer this question, 
this study relies on a state level panel dataset including agricultural and high-resolution weather 
data covering the period 1997-2018. Using a Seemingly Unrelated Regression (SUR) approach, 
this study estimates how crop spatial distribution patterns have impacted crop yield variation in 
response to weather in United States Greater Midwest region. Key findings indicate that changes 
in crop management activities correspond closely to estimate of both crop price and weather 
effects. Additionally, corn yield response to weather change varies with crop spatial distribution 
pattern, with distinct impacts on the magnitude and even the direction at the state level. Further, 
revenue of corn, soybeans, wheat and their respective lagged yields have positive and significant 
effect to respective crop yields. Finally, a major crop yield does vary across region due to variation 
of crop prices, precipitation and temperature. These findings have useful implications for 
agriculture sector on how historical weather trends have affected crop yield and distribution 
pattern. 
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Contribution of this paper to the literature 
This research is primarily designed to examine crop yield variation due to change in weather 
pattern and crop management activities by exploring a comprehensive list of factors (e.g. 
environmental, economic etc.). 
 
1. Introduction 
There has been a growing interest to examine the relation between crop productivity and weather change 
among advocates of weather change and food security, farmers, resource management professionals, and policy 
makers. A vast majority of existing literature primarily focused on investigating how crop yield respond to weather 
conditions, with emphasis on the decadal and interannual weather variability [1-3] weather extremes [4] vapor 
pressure deficits [5] atmospheric CO2 concentration [6] as well as weather variability [7]. Agricultural crop yield 
losses due to weather change are predicted to be as high as 82% by the end of 20th century for some crops [8, 9].  
Weather change is defined as a temporal and spatial variation in the distribution of temperature and 
precipitation [10]. According to National Weather Assessment, the Upper Midwest (Minnesota, Wisconsin, 
Michigan, Iowa, South Dakota, and North Dakota) and the Northern Plains of U.S. have experienced more 
variation in temperatures and precipitation as compared to southern states [11]. The long-term weather trends 
picture can effectively signal farmers to adopt suitable cropping pattern. Existing literatures have listed multiple 
adaptation measures (i.e. planting dates shifting, switch crop patterns, develop new crops, shift in crop growing 
pattern) to mitigate the negative impacts and severity of weather on crop yield and production [12-15]. 
Agricultural producers tend to follow subsequent crop rotations to maximize crop production using lands with 
optimal water and nutrient storage conditions. Thus, it is useful to investigate how changes in crop spatial 
distribution patterns over time have impacted crop yield response to weather change in U.S. Greater Midwest? 
Majority of literature have assumed that crop distribution in space remain constant over study period [16-18]. 
Empirical models (both process-based simulation models and statistical models) have been used to assess the 
potential impacts of weather on crop yields [19]. For example, a comprehensive data-driven analysis is developed 
to investigate crop pattern between counties in regulating corn yield response to weather change at the state level 
of U.S [20]. The issue of land use change and agricultural crop acreage response due to economic and biophysical 
factors is well documented focusing on Northern Great Plains agriculture [21, 22]. Thus, it would be useful to 
investigate how historical crop yields responded to economic and biophysical factors for Greater Midwest. 
Here, the functional relationships between historical observation of weather patterns and agricultural crop 
yields (for corn, soybean and wheat) are examined at the state (11) level of Greater Midwest (i.e. Illinois, Indiana, 
Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota and Wisconsin) of the 
United States (U.S.). This paper addresses the key question of how agriculture adapts to weather change through 
crop yield loss patterns. The empirical challenge associated with measuring weather change impacts on crop yields 
centers around how to organize weather information relevant to farmers’ cropping decision. This research 
developed a state-level panel of “weather data” to address this. The annual change in weather data for a state 
reflects knowledge on local weather. The yield variables are regressed on the weather data in a SUR panel 
estimation, controlling for trends and temporal effects to better examine the relation between yields and weather.   
This study develops a set of weather indices to estimate crop yield response across regions to test the 
hypothesis of spatially varying weather change impacts. This paper makes three key contributions. First, as an 
initial rigorous empirical analysis of crop yield response to weather pattern change, it extends the knowledge on 
biophysical environment change impacts on agriculture and highlights the importance of considering yield 
variation in projections of future weather change impacts. Second, the summary contributes to the understanding 
of factors driving crop yield response. Third, the paper also builds on the economic literature of environmental 
adaptation by providing evidence of adaptation when the environmental change occurs gradually (e.g., [23, 24]). 
The yield response model should generate more stable coefficients and yield predictions as compared to models 
including highly correlated weather variables. The historical pattern of crops (corn, soybean, wheat) price and yield 
for all 11 states of US Greater Midwest are presented in Figures 1- 11.  
 
 
Figure-1. Crop price and yield (Illinois) from 1997-2018. 
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Figure-2. Crop price and yield (Indiana) from 1997-2018. 
 
 
 
Figure-3. Crop price and yield (Kansas) from 1997-2018. 
 
 
Figure-4. Crop price and yield (Michigan) from 1997-2018. 
 
 
Figure-5. Crop price and yield (Minnesota) from 1997-2018. 
                                       
 
Agriculture and Food Sciences Research, 2020, 7(1): 7-15 
10 
© 2020 by the authors; licensee Asian Online Journal Publishing Group 
 
 
 
Figure-6. Crop price and yield (Missouri) from 1997-2018. 
 
 
Figure-7. Crop price and yield (Nebraska) from 1997-2018. 
                                    
 
 
Figure-8. Crop price and yield (North Dakota) from 1997-2018. 
 
 
 
Figure-9. Crop price and yield (Ohio) from 1997-2018. 
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Figure-10. Crop price and yield (South Dakota) from 1997-2018. 
 
 
Figure-11. Crop price and yield (Wisconsin) from 1997-2018. 
 
Understanding the connection among major crop yields, crop prices, weather, and other input prices are vital 
to stakeholders who are concerned with addressing weather change and improving global food security. Also, 
researchers and policy-makers are deeply engaged to better understand the effects of weather change on the 
agricultural landscape of the greater Midwest. The importance of estimating functional relationships between 
historical observations of weather and yields are well cited in scientific literature. The results discussed here will 
help forecast future crop yield trends in response to change in weather pattern. Further, this research will help 
policy-makers and producers make better-informed crop production decisions in a changing weather scenario. 
 
2. Materials and Methods 
This section empirically examines the effects of weather change (weather factors like monthly average 
precipitation and temperature, lagged crop prices,) on multiple crops yields (corn, soybeans, wheat) loss. The 
weather data is constructed to investigate weather trends at the state level. The functional relationship is presented 
on how crop yields (current year) correlate with current and last year crop prices, lag crop yields, crop revenue, and 
weather variables like precipitation, temperature, using longitudinal data. Here, dependent variables of the stated 
regression model for each three major crop choices (corn, wheat, and soybean) are measured at yield per bushel. 
Further, a seemingly unrelated regression (SUR) approach is employed with spatial autoregressive terms to 
capture the weather effects on crop yield loss.  
This is because statistical models including only on spatial variation (i.e. cross-sectional studies) are very prone 
to omitted variable bias, whereas those including only on temporal variation (i.e. time series studies) are often 
subject to significant errors in estimates of temperature sensitivity. These errors can happen due to limited 
temporal variation in temperature compared to other weather variables, as well as strong temporal correlation 
between temperature and rainfall or radiation. 
 
3. Data Description 
The analyses presented in this study compiles agricultural and climatologic data. State-level annual data on 
crop yields are collected from NASS surveys from 1997 to 2018. Weather data (e.g. precipitation and temperature) 
for the month of March, April, May, June, July, and August for last 22 years come from the National Climatic Data 
Center [25]. Information on prices and yields of corn, soybeans, and wheat for all eleven Midwest states (e.g. 
North Dakota, South Dakota, Nebraska, Minnesota, Iowa, Missouri, Wisconsin, Illinois, Kansas, Michigan, 
Indiana, and Ohio) for the period 1997 to 2018 year are obtained from the Census of Agriculture (United States 
Department of Agricultural, National Agricultural Statistics Service). Major crops (e.g. corn, soybeans, and wheat) 
yield and price data are lagged. Prices data are adjusted for inflation using GDP Price deflator (2017 as base year). 
The GDP price deflator data are collected from the Federal Reserve Economic Data, Economic Research Division. 
Crops (e.g. corn, soybeans, and wheat) revenue are also calculated using yield and price information.  
 
4. Empirical Strategy 
The empirical strategy relies on employing a Seemingly Unrelated Regression (SUR) model to examine the 
marginal effects of weather factor change on agricultural crop yield at the state level. A “full information maximum 
likelihood” approach is used to examine the effects. The right-hand side of estimated regression equations includes 
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no endogenous variables and assume correlation of error term among equations. Heteroskedasticity is also almost 
certain since presence of multiple dependent variables. The regression equations can be expressed in the form of 
stacked regression. 
                                                          
Where, Y is a set of dependent variables of crop (corn, soybeans and wheat) yields. X is a set of independent 
variables (crop prices, precipitation, and temperature for the month of March, April, May, June, July, and August, 
crop revenue etc.). Further,   is error term.    is parameter estimates in the proposed model. 
 
5. Results and Discussion 
Summary statistics are reported in Table 1. The estimation results of Equation 1 are reported in Tables 2-4. 
The underlying identification assumption is that a state experiencing change in weather pattern would have 
changed its management activities of agricultural crops differently from a state not experiencing any change, after 
purging off state-level trends and nation-level shocks.  
 
Table-1. Summary statistics. 
Variable name Observation Mean Standard deviation Min Max 
corn_yield 242 143.98 24.45 75.00 210.00 
soybeans_yield 242 41.79 8.05 20.00 65.00 
wheat_yield 242 54.28 13.82 24.30 89.00 
price_corn 242 3.83 1.36 2.18 7.92 
price_soybeans 242 9.49 2.65 5.48 15.87 
price_wheat 242 5.12 1.54 2.47 9.07 
Lagged yield_corn 231 142.76 23.80 75.00 201.00 
Lagged yield_soybeans 231 41.37 7.79 20.00 61.00 
Lagged yield_wheat 231 54.03 13.82 24.30 89.00 
Precipitation_March 242 2.07 1.32 0.15 6.81 
Precipitation_April 242 3.12 1.57 0.50 9.61 
Precipitation_May 242 3.96 1.51 0.81 9.60 
Precipitation_june 242 4.28 1.58 1.29 9.44 
Precipitation_July 242 3.50 1.37 0.75 8.18 
Precipitation_august 242 3.32 1.21 0.62 6.94 
Temperature_march 242 36.73 8.13 16.30 58.10 
Temperature_april 242 48.32 6.08 31.30 60.90 
Temperature_may 242 59.24 5.05 47.40 72.50 
Temperature_june 242 68.65 4.32 59.10 78.10 
Temperature_july 242 73.34 4.19 63.50 84.90 
Temperature_august 242 71.31 4.16 60.90 83.00 
Revenue_corn 242 550.62 203.35 245.97 1188.02 
Revenue_soybeans 242 398.84 138.72 124.43 721.18 
Revenue_wheat 242 275.30 103.92 109.63 648.94 
 
Table-2. Results of seemingly unrelated regression (Corn equation). 
Dependent variable: Corn yield 
Explanatory variables Coefficient and standard deviation P-value 
Price_corn 
-0.29*** 
(1.33) 
0.00 
Price_soybeans 
0.78 
(0.80) 
0.33 
Price_wheat 
0.16 
(0.90) 
0.86 
Lagged yield_corn 
0.11*** 
(0.04) 
0.00 
Lagged yield_soybeans 
0.04 
(0.12) 
0.70 
Lagged yield_wheat 
0.020 
(0.07) 
0.78 
Precipitation_march 
-0.36 
(0.45) 
0.42 
Precipitation_April 
-0.58 
(0.39) 
0.14 
Precipitation_May 
-0.27 
(0.33) 
0.41 
Precipitation_June 
-0.36 
(0.34) 
0.29 
Precipitation_july 
0.72* 
(0.38 
0.06 
Precipitation_August 
1.07** 
(0.43) 
0.01 
Temperature_March 
0.29*** 
(0.11) 
0.01 
Temperature_April 
-0.02 
(0.14) 
0.92 
Temperature_May 
0.34* 
(0.18) 
0.06 
Temperature_June 
0.13 
(0.24) 
0.59 
Temperature_July 
0.20 
(0.28) 
0.46 
Temperature_august 
-0.73*** 
(0.22) 
0.00 
Revenue_corn 0.19*** 0.00 
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(0.009) 
Revenue_soybeans 
0.002 
(0.01) 
0.86 
Revenue_wheat 
0.005 
(0.01) 
0.68 
Constant 
109.85*** 
(14.40) 
0.00 
Note: The symbols ***, **, and * indicate statistical significance at α=0.01, α=0.05, and α=0.10, respectively. 
Numbers in parentheses are the standard errors of the parameter estimates. 
 
Table-3. Results of seemingly unrelated regression (Soybean Equation). 
Dependent variable: Soybeans yield 
Explanatory variables Coefficient and standard deviation P-value 
Price_corn 0.33 
(0.36) 
0.35 
Price_soybeans 3.67*** 
(0.22) 
0.00 
Price_wheat 0.12 
(0.24) 
0.61 
Lagged yield_corn -0.010 
(0.010) 
0.34 
Lagged yield_soybeans 0.12*** 
(0.03) 
0.00 
Lagged yield_wheat 0.02 
(0.02) 
0.26 
Precipitation_march -0.04 
(0.12) 
0.76 
Precipitation_April -0.13 
(0.11) 
0.21 
Precipitation_May 0.07 
(0.09) 
0.43 
Precipitation_June (0.03) 
(0.09) 
0.74 
Precipitation_july 0.13 
(0.10) 
0.20 
Precipitation_August (0.47) *** 
(0.11) 
0.00 
Temperature_March 0.04 
(0.03) 
0.18 
Temperature_april -0.04 
(0.040) 
0.30 
Temperature_May 0.04 
(0.05) 
0.41 
Temperature_June 0.09 
(0.06) 
0.16 
Temperature_July 0.06 
(0.07) 
0.45 
Temperature_august -0.17*** 
(0.06) 
0.00 
Revenue_corn -0.002 
(0.002) 
0.44 
Revenue_soybeans 0.09*** 
(0.003) 
0.00 
Revenue_wheat -0.004 
(0.003) 
0.18 
Constant 32.84*** 
(3.88) 
0.00 
Note: The symbols *** indicate statistical significance at α=0.01. 
Numbers in parentheses are the standard errors of the parameter estimates. 
 
The SUR approach used here includes longitudinal panel data for eleven Midwest states of three major crop 
yields over 22 years (1997- 2018). Key findings indicated, in all three-crop yield equation, price of soybeans 
positively related to its respective yields whereas corn and wheat prices are negatively related to its respective 
yields Tables 2-4.  Also, the relationship between crop yield and prices are statistically significant. In addition, 
lagged price of corn and wheat also negatively related to their respective yields. Last year corn yields positively 
related to current year corn yields and also statistically significant. Furthermore, revenue of corn also positively 
related to corn yields and also statistically significant. Moreover, soybeans revenue and lagged yields also 
positively related to soybeans yields and statistically significant. Further, wheat revenue and lagged yields also 
positively related to its current year yield and statistically significant. Together with regional trends in 
temperature and precipitation, these estimates can partly explain the crop expansion pattern over the past few 
decades. For instance, higher yield of corn, soybeans, and wheat have coincided with increase in both temperature 
and precipitation in the Dakotas and the Upper Midwest. This association has a particularly vital implication given 
the relatively large marginal effects estimated for this region. These results are also in line with the historical 
movements of corn location discussed [26, 27]. 
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Table-4. Results of seemingly unrelated regression (Wheat Equation). 
Dependent variable: Wheat yield 
Explanatory variables Coefficient and standard deviation P-value 
Price_corn -0.26 
(0.68) 
0.70 
Price_soybeans 0.96 
(0.41) 
0.02 
Price_wheat -8.58*** 
0.46 
0.00 
Lagged yield_corn -0.04** 
(0.020) 
0.02 
Lagged yield_soybeans 0.17*** 
(0.06) 
0.00 
Lagged yield_wheat 0.18*** 
(0.03) 
0.00 
Precipitation_march -0.28 
(0.23) 
0.22 
Precipitation_April 0.009 
(0.20) 
0.96 
Precipitation_May 0.25 
(0.17) 
0.14 
Precipitation_June -0.16 
(0.17) 
0.36 
Precipitation_july 0.32* 
(0.19) 
0.10 
Precipitation_August 0.78*** 
(0.22) 
0.00 
Temperature_March 0.03 
(0.06) 
0.61 
Temperature_april -0.04 
(0.07) 
0.63 
Temperature_May -0.07 
(0.09) 
0.44 
Temperature_June 0.06 
(0.12) 
0.63 
Temperature_July -0.003 
(0.14) 
0.98 
Temperature_august 0.008 
(0.11) 
0.94 
Revenue_corn 0.004 
(0.005) 
0.37 
Revenue_soybeans -0.01** 
(0.006) 
0.03 
Revenue_wheat 0.15*** 
(0.006) 
0.00 
Constant 39.21*** 
(7.34) 
0.00 
Note: The symbols ***, **, and * indicate statistical significance at α=0.01, α=0.05, and α=0.10, respectively. Numbers in 
parentheses are the standard errors of the parameter estimates. 
 
Average precipitation (March, April, May, June) are found to be negatively related to corn yields because pre-
planting time and during planting time precipitation adversely effects crop yield. In soybean equation, precipitation 
(for the month of March and April) are negatively related to soybeans yields as we expected. On the other hand, 
precipitation July and August are positively related to soybeans yields. In wheat equation, precipitation (for the 
month of March and June) negatively related to wheat yields. Precipitation (for the month of July and August) are 
positively related to wheat yields. Temperature also significantly affects crop yield pattern. In corn equation, 
temperature (for the month of March and May) are positively related and statistically significant to corn yields for 
current year. the average temperature (for the month of August) are negatively related and statistically significant 
to corn yield. In soybean equation, average temperature (for the month of April and August) are negatively related 
to soybeans yield in current year and statistically significant Table 3. This is because producers expect positive 
temperature for optimal growth of soybeans crop and yields before and during planting season. In wheat equation, 
average temperature (for the month of March and August) are positively related to wheat yield Table 4. 
 
6. Conclusion 
The issue of weather change impacts on crop yields variability is well discussed by existing literature. All else 
equal, the heterogeneity of multiple crop yield responses also implies a change in relative profitability per acre. As 
weather change persists, this will slowly alter cropping patterns. This study analyzes the importance of taking crop 
yield effects into consideration when evaluating weather pattern change impacts on agriculture. The scenario of 
adjustment and adaptation in crop acreage by producers is important and need to be included in policy discussion 
to avoid imprecise and even unrealistic projections of future crop losses due to weather change. The findings 
reported here are useful to see how yield responds to different economic and biophysical factors (e.g. crop prices, 
lagged yields and prices, crop revenue, temperature, precipitation). Results also indicate that precipitation before 
planting season has impact on crop yield. The impact of average temperature on crop yields is evident. Further, 
crop revenue, lagged yields of corn, wheat, and soybeans are positively related to current year yields. Moreover, 
prices of corn and wheat negatively related to current year yield. Factors like precipitation (for the month of 
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March) have negative effect on yields of corn, wheat, and soybeans. Also, temperature (for the month of March) 
positively related to yields of corn, wheat, and soybeans. The findings discussed here will help policy makers, 
researchers, producers, and landowners making more informed cropping decision as a response to change in 
weather as well as economic factors affecting crop yields.  
This research work has few limitations too. First, this analysis only highlights reduced-form relationship 
between weather pattern and crop yields and does not include other technological and socioeconomic drivers of 
crop patterns. Second, the nature of data determines the crop yields shift are not directly observed at a field level. 
Third, this study only focuses on a selected number of field crops (corn, soybean, and wheat) excluding all other 
agricultural crops. Future research is needed to incorporate plant characteristics, cultivation practices, farm 
management strategies, producers’ decision making behavior and other factors for more robust analyses. 
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